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Description

BACKGROUND

[0001] Unless otherwise indicated herein, the materi-
als described in this section are not prior art to the claims
in this application and are not admitted to be prior art by
inclusion in this section.
[0002] Computing devices such as personal comput-
ers, laptop computers, tablet computers, cellular phones,
and countless types of Internet-capable devices are in-
creasingly prevalent in numerous aspects of modern life.
As such, the demand for data connectivity via the Inter-
net, cellular data networks, and other such networks, is
growing. However, there are many areas of the world
where data connectivity is still unavailable, or if available,
is unreliable and/or costly. Accordingly, additional net-
work infrastructure is desirable.
[0003] United States patent publication no. US
6,167,263 presents a global communications network
comprising a plurality of aerial platforms or vehicles de-
ployed at an altitude in or near the stratosphere and per-
mitted to drift in a controlled manner such that each plat-
form adjusts its position relative to other aerial platforms.
United States patent application publication no. US
2006/0002326 A1 presents a wireless communications
network including a reconfigurable array of access points
for linking wireless devices in an infrastructure mode.
United States patent application publication no. US
2002/0072361 A1 present an airborne constellation with
a plurality of individual lighter-than-air platforms spaced
apart above a contiguous geographic area within a pre-
determined altitude range so that ubiquitous line of sight
coverage of the geographic area is provided.

SUMMARY

[0004] In a first aspect, a method is provided. The
method includes determining a projected change in
bandwidth demand in a specific area during a specified
future time period. The method also includes reposition-
ing one or more balloons in a high-balloon network based
on the projected change in bandwidth demand. The
method also includes providing, using the one or more
balloons in the high-altitude balloon network, at least a
portion of the bandwidth demanded in the specified area
during the specified future time period.
[0005] In a second aspect, a system is provided. The
system includes at least one balloon. The at least one
balloon is in a high-altitude balloon network. The system
also includes a controller. The controller is configured to:
i) determine a projected change in bandwidth demand in
a specified area during a specified future time period;
and ii) control a respective position of the at least one
balloon based on the projected change in bandwidth de-
mand. The at least one balloon is configured to provide
at least a portion of the bandwidth demanded in the spec-
ified area during the specified future time period.

[0006] In a third aspect, a non-transitory computer
readable medium having stored instructions is provided.
The instructions are executable by a computing device
to cause the computing device to perform functions. The
functions include determining a projected change in
bandwidth demand in a specified area during a specified
future time period. The functions also include causing a
controller to reposition one or more balloons in a high-
altitude balloon network based on the projected change
in bandwidth demand and causing the one or more bal-
loons in the high-altitude balloon network to provide at
least a portion of the bandwidth demanded in the spec-
ified area during the specified future time period.
[0007] These as well as other aspects, advantages,
and alternatives, will become apparent to those of ordi-
nary skill in the art by reading the following detailed de-
scription, with reference where appropriate to the accom-
panying drawings. The claims define the matter for pro-
tection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 is a simplified block diagram illustrating a
balloon network, according to an example embodi-
ment.
Figure 2 is a block diagram illustrating a balloon-
network control system, according to an example
embodiment.
Figure 3 is a simplified block diagram illustrating a
high-altitude balloon, according to an example em-
bodiment.
Figure 4 is a simplified block diagram illustrating a
balloon network that includes super-nodes and sub-
nodes, according to an example embodiment.
Figure 5A illustrates a balloon network at a first time,
according to an example embodiment.
Figure 5B illustrates a balloon network at a second
time, according to an example embodiment.
Figure 6 is a flowchart illustrating a method, accord-
ing to an example embodiment.
Figure 7 is a schematic diagram of a computer pro-
gram product, according to an example embodi-
ment.

DETAILED DESCRIPTION

[0009] Example methods and systems are described
herein. Any example embodiment or feature described
herein is not necessarily to be construed as preferred or
advantageous over other embodiments or features. The
example embodiments described herein are not meant
to be limiting. It will be readily understood that certain
aspects of the disclosed systems and methods can be
arranged and combined in a wide variety of different con-
figurations, all of which are contemplated herein.
[0010] Furthermore, the particular arrangements
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shown in the Figures should not be viewed as limiting. It
should be understood that other embodiments may in-
clude more or less of each element shown in a given
Figure. Further, some of the illustrated elements may be
combined or omitted. Yet further, an example embodi-
ment may include elements that are not illustrated in the
Figures.

1. Overview

[0011] Example embodiments disclosed herein relate
to determining a projected change in bandwidth demand
in a specified area during a specified future time period,
repositioning one or more balloons in a high-altitude bal-
loon network based on the projected change in band-
width demand, and providing, using the one or more bal-
loons, at least a portion of the bandwidth demanded in
the specified area during the specified future time period.
[0012] In an example embodiment, such methods and
systems could be used for network planning purposes.
For example, the bandwidth needs in various areas may
be anticipated, and the arrangement, number, and/or
density of balloons within communication range and/or
serving each area may be determined based upon a pro-
jected change in bandwidth demand. The balloons in the
high-altitude balloon network may then be controlled in
various ways so that they ’clump’ over the desired areas
based on the projected change in bandwidth demand.
[0013] In other words, it may be useful for balloons to
’clump’ proactively in order to provide some or all of the
bandwidth demanded in a specified area during a spec-
ified future time period in response to determining a pro-
jected change in bandwidth demand.
[0014] The projected change in bandwidth demand
could be determined by receiving an advance bandwidth
request. For example, if an event, such as a concert or
a conference, is planned for a specific future time period
at a specific venue, the organizers of the event could
initiate an advance bandwidth request with the operators
of the high-altitude balloon network to reserve or request
a projected bandwidth to serve attendees at the event.
In response to the request, one or more balloons in the
high-altitude balloon network could be repositioned in or-
der to provide the requested projected bandwidth during
the event.
[0015] Methods disclosed herein could be carried out
in part or in full by the one or more balloons in the high-
altitude balloon network. For instance, a balloon in the
high-altitude balloon network could receive the advance
bandwidth request.
[0016] The advance bandwidth request could originate
from a user of the balloon network. The user of the balloon
network could represent an individual user, a corporate
user, a government, or any other entity that may have an
anticipated need for bandwidth (e.g., Internet services,
communications services, etc.) at a specified future time
period in a specified area.
[0017] Other ways of determining a projected change

in bandwidth demand are possible. For example, the pro-
jected change in bandwidth demand could be determined
based on a natural disaster, an event (e.g., a music con-
cert, a calendar of events, etc.), or a historical record of
bandwidth demand. The projected change in bandwidth
demand could also be inferred based on available infor-
mation, such as from news organizations and/or social
media.
[0018] The high-altitude balloon network could be op-
erable to reposition one or more balloons in an effort to
provide at least a portion of the bandwidth demanded. In
an example embodiment, repositioning the one or more
balloon could include moving balloons to create a higher
local balloon density over the specified area so as to fulfill
the bandwidth need during the future time period.
[0019] The balloons in the high-altitude balloon net-
work could be configured to provide at least a portion of
the bandwidth demanded during the future time period.
In other words, the balloons may provide an Internet con-
nection at a specified bandwidth, communications serv-
ices, computation power, data throughput, or other serv-
ices to users in the specified area during the future time
period. Other ways of providing at least a portion of the
bandwidth demanded during the future time period are
possible.
[0020] Other methods disclosed herein could be car-
ried out in part or in full by a server and/or a server net-
work. In an example embodiment, the projected change
in bandwidth demand could be received, predicted,
and/or inferred by a server network. The server network
could act to reposition at least one balloon in the high-
altitude balloon network based on the specified area, the
specified future time period, and the projected change in
bandwidth demand. The server network could also con-
trol the at least one balloon to provide at least a portion
of the bandwidth demanded during the specified future
time period in the specified area.
[0021] Other interactions between one or more bal-
loons in a high-altitude balloon network and a server are
possible within the context of the disclosure.
[0022] A system is also described in the present dis-
closure. The system could include at least one balloon
in a high-altitude balloon network and a controller. The
controller (e.g., a processor and a memory) could be con-
figured to i) determine a projected change in bandwidth
demand in a specified area during a specified future time
period; ii) control a respective position of the at least one
balloon based on the projected change in bandwidth de-
mand. The at least one balloon could be configured to
provide at least a portion of the bandwidth demanded in
the specified area during the specified future time period.
[0023] It will be understood that the system could in-
clude more or fewer elements than those disclosed here-
in. Further the elements of the system could be config-
ured and/or be operable to perform more or fewer func-
tions within the context of the present disclosure.
[0024] In some embodiments, each of the elements of
the system could be incorporated into at least one balloon
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in a high-altitude balloon network. In other embodiments,
some or all of the elements of the system may be located
apart from other elements of the system. Thus, the sys-
tem could operate in a distributed manner.
[0025] Also disclosed herein are non-transitory com-
puter readable media with stored instructions. The in-
structions could be executable by a computing device to
cause the computing device to perform functions similar
to those described in the aforementioned methods.
[0026] Those skilled in the art will understand that there
are many different specific methods and systems that
could be used in determining a projected change in band-
width demand in a specified area during a specified future
time period, repositioning one or more balloons in a high-
altitude balloon network based on the projected change
in bandwidth demand, and providing, using the one or
more balloons, at least a portion of the bandwidth de-
manded in the specified area during the specified future
time period. Each of these specific methods and systems
are contemplated herein, and several example embodi-
ments are described below.

2. Example Systems

[0027] Figure 1 is a simplified block diagram illustrating
a balloon network 100, according to an example embod-
iment. As shown, balloon network 100 includes balloons
102A to 102F, which are configured to communicate with
one another via free-space optical links 104. Balloons
102A to 102F could additionally or alternatively be con-
figured to communicate with one another via RF links
114. Balloons 102A to 102F may collectively function as
a mesh network for packet-data communications. Fur-
ther, at least some of balloons 102A and 102B may be
configured for RF communications with ground-based
stations 106 and 112 via respective RF links 108. Further,
some balloons, such as balloon 102F, could be config-
ured to communicate via optical link 110 with ground-
based station 112.
[0028] In an example embodiment, balloons 102A to
102F are high-altitude balloons, which are deployed in
the stratosphere. At moderate latitudes, the stratosphere
includes altitudes between approximately 10 kilometers
(km) and 50 km altitude above the surface. At the poles,
the stratosphere starts at an altitude of approximately 8
km. In an example embodiment, high-altitude balloons
may be generally configured to operate in an altitude
range within the stratosphere that has relatively low wind
speed (e.g., between 5 and 20 miles per hour (mph)).
[0029] More specifically, in a high-altitude-balloon net-
work, balloons 102A to 102F may generally be configured
to operate at altitudes between 18 km and 25 km (al-
though other altitudes are possible). This altitude range
may be advantageous for several reasons. In particular,
this layer of the stratosphere generally has relatively low
wind speeds (e.g., winds between 5 and 20 mph) and
relatively little turbulence. Further, while the winds be-
tween 18 km and 25 km may vary with latitude and by

season, the variations can be modeled in a reasonably
accurate manner. Additionally, altitudes above 18 km are
typically above the maximum flight level designated for
commercial air traffic. Therefore, interference with com-
mercial flights is not a concern when balloons are de-
ployed between 18 km and 25 km.
[0030] To transmit data to another balloon, a given bal-
loon 102A to 102F may be configured to transmit an op-
tical signal via an optical link 104. In an example embod-
iment, a given balloon 102A to 102F may use one or
more high-power light-emitting diodes (LEDs) to transmit
an optical signal. Alternatively, some or all of balloons
102A to 102F may include laser systems for free-space
optical communications over optical links 104. Other
types of free-space optical communication are possible.
Further, in order to receive an optical signal from another
balloon via an optical link 104, a given balloon 102A to
102F may include one or more optical receivers. Addi-
tional details of example balloons are discussed in great-
er detail below, with reference to Figure 3.
[0031] In a further aspect, balloons 102A to 102F may
utilize one or more of various different RF air-interface
protocols for communication with ground-based stations
106 and 112 via respective RF links 108. For instance,
some or all of balloons 102A to 102F may be configured
to communicate with ground-based stations 106 and 112
using protocols described in IEEE 802.11 (including any
of the IEEE 802.11 revisions), various cellular protocols
such as GSM, CDMA, UMTS, EV-DO, WiMAX, and/or
LTE, and/or one or more propriety protocols developed
for balloon-ground RF communication, among other pos-
sibilities.
[0032] In a further aspect, there may be scenarios
where RF links 108 do not provide a desired link capacity
for balloon-to-ground communications. For instance, in-
creased capacity may be desirable to provide backhaul
links from a ground-based gateway, and in other scenar-
ios as well. Accordingly, an example network may also
include downlink balloons, which could provide a high-
capacity air-ground link.
[0033] For example, in balloon network 100, balloon
102F is configured as a downlink balloon. Like other bal-
loons in an example network, a downlink balloon 102F
may be operable for optical communication with other
balloons via optical links 104. However, a downlink bal-
loon 102F may also be configured for free-space optical
communication with a ground-based station 112 via an
optical link 110. Optical link 110 may therefore serve as
a high-capacity link (as compared to an RF link 108) be-
tween the balloon network 100 and the ground-based
station 112.
[0034] Note that in some implementations, a downlink
balloon 102F may additionally be operable for RF com-
munication with ground-based stations 106. In other cas-
es, a downlink balloon 102F may only use an optical link
for balloon-to-ground communications. Further, while the
arrangement shown in Figure 1 includes just one down-
link balloon 102F, an example balloon network can also
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include multiple downlink balloons. On the other hand, a
balloon network can also be implemented without any
downlink balloons.
[0035] In other implementations, a downlink balloon
may be equipped with a specialized, high-bandwidth RF
communication system for balloon-to-ground communi-
cations, instead of, or in addition to, a free-space optical
communication system. The high-bandwidth RF commu-
nication system may take the form of an ultra-wideband
system, which may provide an RF link with substantially
the same capacity as one of the optical links 104. Other
forms are also possible.
[0036] Ground-based stations, such as ground-based
stations 106 and/or 112, may take various forms. Gen-
erally, a ground-based station may include components
such as transceivers, transmitters, and/or receivers for
communication via RF links and/or optical links with a
balloon network. Further, a ground-based station may
use various air-interface protocols in order to communi-
cate with a balloon 102A to 102F over an RF link 108.
As such, ground-based stations 106 and 112 may be
configured as an access point via which various devices
can connect to balloon network 100. Ground-based sta-
tions 106 and 112 may have other configurations and/or
serve other purposes without departing from the scope
of the invention.
[0037] In a further aspect, some or all of balloons 102A
to 102F could be configured to establish a communica-
tion link with space-based satellites in addition to, or as
an alternative to, a ground-based communication link. In
some embodiments, a balloon may communicate with a
satellite via an optical link. However, other types of sat-
ellite communications are possible.
[0038] Further, some ground-based stations, such as
ground-based stations 106 and 112, may be configured
as gateways between balloon network 100 and one or
more other networks. Such ground-based stations 106
and 112 may thus serve as an interface between the
balloon network and the Internet, a cellular service pro-
vider’s network, and/or other types of networks. Varia-
tions on this configuration and other configurations of
ground-based stations 106 and 112 are also possible.

2a) Mesh Network Functionality

[0039] As noted, balloons 102A to 102F may collec-
tively function as a mesh network. More specifically,
since balloons 102A to 102F may communicate with one
another using free-space optical links, the balloons may
collectively function as a free-space optical mesh net-
work.
[0040] In a mesh-network configuration, each balloon
102A to 102F may function as a node of the mesh net-
work, which is operable to receive data directed to it and
to route data to other balloons. As such, data may be
routed from a source balloon to a destination balloon by
determining an appropriate sequence of optical links be-
tween the source balloon and the destination balloon.

These optical links may be collectively referred to as a
"lightpath" for the connection between the source and
destination balloons. Further, each of the optical links
may be referred to as a "hop" on the lightpath.
[0041] To operate as a mesh network, balloons 102A
to 102F may employ various routing techniques and self-
healing algorithms. In some embodiments, a balloon net-
work 100 may employ adaptive or dynamic routing,
where a lightpath between a source and destination bal-
loon is determined and set-up when the connection is
needed, and released at a later time. Further, when adap-
tive routing is used, the lightpath may be determined dy-
namically depending upon the current state, past state,
and/or predicted state of the balloon network.
[0042] In addition, the network topology may change
as the balloons 102A to 102F move relative to one an-
other and/or relative to the ground. Accordingly, an ex-
ample balloon network 100 may apply a mesh protocol
to update the state of the network as the topology of the
network changes. For example, to address the mobility
of the balloons 102A to 102F, balloon network 100 may
employ and/or adapt various techniques that are em-
ployed in mobile ad hoc networks (MANETs). Other ex-
amples are possible as well.
[0043] In some implementations, a balloon network
100 may be configured as a transparent mesh network.
More specifically, in a transparent balloon network, the
balloons may include components for physical switching
that is entirely optical, without any electrical components
involved in the physical routing of optical signals. Thus,
in a transparent configuration with optical switching, sig-
nals travel through a multi-hop lightpath that is entirely
optical.
[0044] In other implementations, the balloon network
100 may implement a free-space optical mesh network
that is opaque. In an opaque configuration, some or all
balloons 102A to 102F may implement optical-electrical-
optical (OEO) switching. For example, some or all bal-
loons may include optical cross-connects (OXCs) for
OEO conversion of optical signals. Other opaque config-
urations are also possible. Additionally, network config-
urations are possible that include routing paths with both
transparent and opaque sections.
[0045] In a further aspect, balloons in an example bal-
loon network 100 may implement wavelength division
multiplexing (WDM), which may help to increase link ca-
pacity. When WDM is implemented with transparent
switching, physical lightpaths through the balloon net-
work may be subject to the "wavelength continuity con-
straint." More specifically, because the switching in a
transparent network is entirely optical, it may be neces-
sary to assign the same wavelength for all optical links
on a given lightpath.
[0046] An opaque configuration, on the other hand,
may avoid the wavelength continuity constraint. In par-
ticular, balloons in an opaque balloon network may in-
clude the OEO switching systems operable for wave-
length conversion. As a result, balloons can convert the
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wavelength of an optical signal at each hop along a light-
path. Alternatively, optical wavelength conversion could
take place at only selected hops along the lightpath.
[0047] Further, various routing algorithms may be em-
ployed in an opaque configuration. For example, to de-
termine a primary lightpath and/or one or more diverse
backup lightpaths for a given connection, example bal-
loons may apply or consider shortest-path routing tech-
niques such as Dijkstra’s algorithm and k-shortest path,
and/or edge and node-diverse or disjoint routing such as
Suurballe’s algorithm, among others. Additionally or al-
ternatively, techniques for maintaining a particular quality
of service (QoS) may be employed when determining a
lightpath. Other techniques are also possible.

2b) Station-Keeping Functionality

[0048] In an example embodiment, a balloon network
100 may implement station-keeping functions to help pro-
vide a desired network topology. For example, station-
keeping may involve each balloon 102A to 102F main-
taining and/or moving into a certain position relative to
one or more other balloons in the network (and possibly
in a certain position relative to the ground). As part of this
process, each balloon 102A to 102F may implement sta-
tion-keeping functions to determine its desired position-
ing within the desired topology, and if necessary, to de-
termine how to move to the desired position.
[0049] The desired topology may vary depending upon
the particular implementation. In some cases, balloons
may implement station-keeping to provide a substantially
uniform topology. In such cases, a given balloon 102A
to 102F may implement station-keeping functions to po-
sition itself at substantially the same distance (or within
a certain range of distances) from adjacent balloons in
the balloon network 100.
[0050] In other cases, a balloon network 100 may have
a non-uniform topology. For instance, example embodi-
ments may involve topologies where balloons are distrib-
uted more or less densely in certain areas, for various
reasons. As an example, to help meet the higher band-
width demands that are typical in urban areas, balloons
may be clustered more densely over urban areas. For
similar reasons, the distribution of balloons may be dens-
er over land than over large bodies of water. Many other
examples of non-uniform topologies are possible.
[0051] In a further aspect, the topology of an example
balloon network may be adaptable. In particular, station-
keeping functionality of example balloons may allow the
balloons to adjust their respective positioning in accord-
ance with a change in the desired topology of the network.
For example, one or more balloons could move to new
positions to increase or decrease the density of balloons
in a given area. Other examples are possible.
[0052] In some embodiments, a balloon network 100
may employ an energy function to determine if and/or
how balloons should move to provide a desired topology.
In particular, the state of a given balloon and the states

of some or all nearby balloons may be input to an energy
function. The energy function may apply the current
states of the given balloon and the nearby balloons to a
desired network state (e.g., a state corresponding to the
desired topology). A vector indicating a desired move-
ment of the given balloon may then be determined by
determining the gradient of the energy function. The giv-
en balloon may then determine appropriate actions to
take in order to effectuate the desired movement. For
example, a balloon may determine an altitude adjustment
or adjustments such that winds will move the balloon in
the desired manner.

2c) Control of Balloons in a Balloon Network

[0053] In some embodiments, mesh networking and/or
station-keeping functions may be centralized. For exam-
ple, Figure 2 is a block diagram illustrating a balloon-
network control system, according to an example em-
bodiment. In particular, Figure 2 shows a distributed con-
trol system, which includes a central control system 200
and a number of regional control-systems 202A to 202B.
Such a control system may be configured to coordinate
certain functionality for balloon network 204, and as such,
may be configured to control and/or coordinate certain
functions for balloons 206A to 206I.
[0054] In the illustrated embodiment, central control
system 200 may be configured to communicate with bal-
loons 206A to 206I via a number of regional control sys-
tems 202A to 202C. These regional control systems
202A to 202C may be configured to receive communica-
tions and/or aggregate data from balloons in the respec-
tive geographic areas that they cover, and to relay the
communications and/or data to central control system
200. Further, regional control systems 202A to 202C may
be configured to route communications from central con-
trol system 200 to the balloons in their respective geo-
graphic areas. For instance, as shown in Figure 2, re-
gional control system 202A may relay communications
and/or data between balloons 206A to 206C and central
control system 200, regional control system 202B may
relay communications and/or data between balloons
206D to 206F and central control system 200, and re-
gional control system 202C may relay communications
and/or data between balloons 206G to 206I and central
control system 200.
[0055] In order to facilitate communications between
the central control system 200 and balloons 206A to 206I,
certain balloons may be configured as downlink balloons,
which are operable to communicate with regional control
systems 202A to 202C. Accordingly, each regional con-
trol system 202A to 202C may be configured to commu-
nicate with the downlink balloon or balloons in the re-
spective geographic area it covers. For example, in the
illustrated embodiment, balloons 206A, 206F, and 206I
are configured as downlink balloons. As such, regional
control systems 202A to 202C may respectively commu-
nicate with balloons 206A, 206F, and 206I via optical
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links 206, 208, and 210, respectively.
[0056] In the illustrated configuration, only some of bal-
loons 206A to 206I are configured as downlink balloons.
The balloons 206A, 206F, and 206I that are configured
as downlink balloons may relay communications from
central control system 200 to other balloons in the balloon
network, such as balloons 206B to 206E, 206G, and
206H. However, it should be understood that in some
implementations, it is possible that all balloons may func-
tion as downlink balloons. Further, while Figure 2 shows
multiple balloons configured as downlink balloons, it is
also possible for a balloon network to include only one
downlink balloon, or possibly even no downlink balloons.
[0057] Note that a regional control system 202A to
202C may in fact just be a particular type of ground-based
station that is configured to communicate with downlink
balloons (e.g., such as ground-based station 112 of Fig-
ure 1). Thus, while not shown in Figure 2, a control system
may be implemented in conjunction with other types of
ground-based stations (e.g., access points, gateways,
etc.).
[0058] In a centralized control arrangement, such as
that shown in Figure 2, the central control system 200
(and possibly regional control systems 202A to 202C as
well) may coordinate certain mesh-networking functions
for balloon network 204. For example, balloons 206A to
206I may send the central control system 200 certain
state information, which the central control system 200
may utilize to determine the state of balloon network 204.
The state information from a given balloon may include
location data, optical-link information (e.g., the identity of
other balloons with which the balloon has established an
optical link, the bandwidth of the link, wavelength usage
and/or availability on a link, etc.), wind data collected by
the balloon, and/or other types of information. Accord-
ingly, the central control system 200 may aggregate state
information from some or all of the balloons 206A to 206I
in order to determine an overall state of the network.
[0059] The overall state of the network may then be
used to coordinate and/or facilitate certain mesh-net-
working functions such as determining lightpaths for con-
nections. For example, the central control system 200
may determine a current topology based on the aggre-
gate state information from some or all of the balloons
206A to 206I. The topology may provide a picture of the
current optical links that are available in balloon network
and/or the wavelength availability on the links. This to-
pology may then be sent to some or all of the balloons
so that a routing technique may be employed to select
appropriate lightpaths (and possibly backup lightpaths)
for communications through the balloon network 204.
[0060] In a further aspect, the central control system
200 (and possibly regional control systems 202A to 202C
as well) may also coordinate certain station-keeping
functions for balloon network 204. For example, the cen-
tral control system 200 may input state information that
is received from balloons 206A to 206I to an energy func-
tion, which may effectively compare the current topology

of the network to a desired topology, and provide a vector
indicating a direction of movement (if any) for each bal-
loon, such that the balloons can move towards the de-
sired topology. Further, the central control system 200
may use altitudinal wind data to determine respective
altitude adjustments that may be initiated to achieve the
movement towards the desired topology. The central
control system 200 may provide and/or support other sta-
tion-keeping functions as well.
[0061] Figure 2 shows a distributed arrangement that
provides centralized control, with regional control sys-
tems 202A to 202C coordinating communications be-
tween a central control system 200 and a balloon network
204. Such an arrangement may be useful to provide cen-
tralized control for a balloon network that covers a large
geographic area. In some embodiments, a distributed
arrangement may even support a global balloon network
that provides coverage everywhere on earth. Of course,
a distributed-control arrangement may be useful in other
scenarios as well.
[0062] Further, it should be understood that other con-
trol-system arrangements are also possible. For in-
stance, some implementations may involve a centralized
control system with additional layers (e.g., sub-region
systems within the regional control systems, and so on).
Alternatively, control functions may be provided by a sin-
gle, centralized, control system, which communicates di-
rectly with one or more downlink balloons.
[0063] In some embodiments, control and coordination
of a balloon network may be shared by a ground-based
control system and a balloon network to varying degrees,
depending upon the implementation. In fact, in some em-
bodiments, there may be no ground-based control sys-
tems. In such an embodiment, all network control and
coordination functions may be implemented by the bal-
loon network itself. For example, certain balloons may
be configured to provide the same or similar functions as
central control system 200 and/or regional control sys-
tems 202A to 202C. Other examples are also possible.
[0064] Furthermore, control and/or coordination of a
balloon network may be decentralized. For example,
each balloon may relay state information to, and receive
state information from, some or all nearby balloons. Fur-
ther, each balloon may relay state information that it re-
ceives from a nearby balloon to some or all nearby bal-
loons. When all balloons do so, each balloon may be able
to individually determine the state of the network. Alter-
natively, certain balloons may be designated to aggre-
gate state information for a given portion of the network.
These balloons may then coordinate with one another to
determine the overall state of the network.
[0065] Further, in some aspects, control of a balloon
network may be partially or entirely localized, such that
it is not dependent on the overall state of the network.
For example, individual balloons may implement station-
keeping functions that only consider nearby balloons. In
particular, each balloon may implement an energy func-
tion that takes into account its own state and the states
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of nearby balloons. The energy function may be used to
maintain and/or move to a desired position with respect
to the nearby balloons, without necessarily considering
the desired topology of the network as a whole. However,
when each balloon implements such an energy function
for station-keeping, the balloon network as a whole may
maintain and/or move towards the desired topology.
[0066] As an example, each balloon A may receive dis-
tance information d1 to dk with respect to each of its k
closest neighbors. Each balloon A may treat the distance
to each of the k balloons as a virtual spring with vector
representing a force direction from the first nearest neigh-
bor balloon i toward balloon A and with force magnitude
proportional to di. The balloon A may sum each of the k
vectors and the summed vector is the vector of desired
movement for balloon A. Balloon A may attempt to
achieve the desired movement by controlling its altitude.
[0067] Alternatively, this process could assign the
force magnitude of each of these virtual forces equal to
di x di, wherein di is proportional to the distance to the
second nearest neighbor balloon, for instance. Other al-
gorithms for assigning force magnitudes for respective
balloons in a mesh network are possible.
[0068] In another embodiment, a similar process could
be carried out for each of the k balloons and each balloon
could transmit its planned movement vector to its local
neighbors. Further rounds of refinement to each balloon’s
planned movement vector can be made based on the
corresponding planned movement vectors of its neigh-
bors. It will be evident to those skilled in the art that other
algorithms could be implemented in a balloon network in
an effort to maintain a set of balloon spacings and/or a
specific network capacity level over a given geographic
location.

2d) Example Balloon Configuration

[0069] Various types of balloon systems may be incor-
porated in an example balloon network. As noted above,
an example embodiment may utilize high-altitude bal-
loons, which could typically operate in an altitude range
between 18 km and 25 km. Figure 3 shows a high-altitude
balloon 300, according to an example embodiment. As
shown, the balloon 300 includes an envelope 302, a skirt
304, a payload 306, and a cut-down system 308, which
is attached between the balloon 302 and payload 306.
[0070] The envelope 302 and skirt 304 may take var-
ious forms, which may be currently well-known or yet to
be developed. For instance, the envelope 302 and/or skirt
304 may be made of materials including metalized Mylar
or BoPet Additionally or alternatively, some or all of the
envelope 302 and/or skirt 304 may be constructed from
a highly-flexible latex material or a rubber material such
as chloroprene. Other materials are also possible. Fur-
ther, the shape and size of the envelope 302 and skirt
304 may vary depending upon the particular implemen-
tation. Additionally, the envelope 302 may be filled with
various different types of gases, such as helium and/or

hydrogen. Other types of gases are possible as well.
[0071] The payload 306 of balloon 300 may include a
processor 313 and on-board data storage, such as mem-
ory 314. The memory 314 may take the form of or include
a non-transitory computer-readable medium. The non-
transitory computer-readable medium may have instruc-
tions stored thereon, which can be accessed and exe-
cuted by the processor 313 in order to carry out the bal-
loon functions described herein. Thus, processor 313, in
conjunction with instructions stored in memory 314,
and/or other components, may function as a computer
system 312 and further as a controller of balloon 300.
[0072] The payload 306 of balloon 300 may also in-
clude various other types of equipment and systems to
provide a number of different functions. For example,
payload 306 may include an optical communication sys-
tem 316, which may transmit optical signals via an ultra-
bright LED system 320, and which may receive optical
signals via an optical-communication receiver 322 (e.g.,
a photodiode receiver system). Further, payload 306 may
include an RF communication system 318, which may
transmit and/or receive RF communications via an an-
tenna system 340.
[0073] The payload 306 may also include a power sup-
ply 326 to supply power to the various components of
balloon 300. The power supply 326 could include a re-
chargeable battery. In other embodiments, the power
supply 326 may additionally or alternatively represent
other means known in the art for producing power. In
addition, the balloon 300 may include a solar power gen-
eration system 327. The solar power generation system
327 may include solar panels and could be used to gen-
erate power that charges and/or is distributed by the pow-
er supply 326.
[0074] The payload 306 may additionally include a po-
sitioning system 324. The positioning system 324 could
include, for example, a global positioning system (GPS),
an inertial navigation system, and/or a star-tracking sys-
tem. The positioning system 324 may additionally or al-
ternatively include various motion sensors (e.g., accel-
erometers, magnetometers, gyroscopes, and/or com-
passes).
[0075] The positioning system 324 may additionally or
alternatively include one or more video and/or still cam-
eras, and/or various sensors for capturing environmental
data.
[0076] Some or all of the components and systems
within payload 306 may be implemented in a radiosonde
or other probe, which may be operable to measure, e.g.,
pressure, altitude, geographical position (latitude and
longitude), temperature, relative humidity, and/or wind
speed and/or wind direction, among other information.
[0077] As noted, balloon 300 includes an ultra-bright
LED system 320 for free-space optical communication
with other balloons. As such, optical communication sys-
tem 316 may be configured to transmit a free-space op-
tical signal by modulating the ultra-bright LED system
320. The optical communication system 316 may be im-
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plemented with mechanical systems and/or with hard-
ware, firmware, and/or software. Generally, the manner
in which an optical communication system is implement-
ed may vary, depending upon the particular application.
The optical communication system 316 and other asso-
ciated components are described in further detail below.
[0078] In a further aspect, balloon 300 may be config-
ured for altitude control. For instance, balloon 300 may
include a variable buoyancy system, which is configured
to change the altitude of the balloon 300 by adjusting the
volume and/or density of the gas in the balloon 300. A
variable buoyancy system may take various forms, and
may generally be any system that can change the volume
and/or density of gas in the envelope 302.
[0079] In an example embodiment, a variable buoyan-
cy system may include a bladder 310 that is located inside
of envelope 302. The bladder 310 could be an elastic
chamber configured to hold liquid and/or gas. Alterna-
tively, the bladder 310 need not be inside the envelope
302. For instance, the bladder 310 could be a rigid blad-
der that could be pressurized well beyond neutral pres-
sure. The buoyancy of the balloon 300 may therefore be
adjusted by changing the density and/or volume of the
gas in bladder 310. To change the density in bladder 310,
balloon 300 may be configured with systems and/or
mechanisms for heating and/or cooling the gas in bladder
310. Further, to change the volume, balloon 300 may
include pumps or other features for adding gas to and/or
removing gas from bladder 310. Additionally or alterna-
tively, to change the volume of bladder 310, balloon 300
may include release valves or other features that are con-
trollable to allow gas to escape from bladder 310. Multiple
bladders 310 could be implemented within the scope of
this disclosure. For instance, multiple bladders could be
used to improve balloon stability.
[0080] In an example embodiment, the envelope 302
could be filled with helium, hydrogen or other lighter-than-
air material. The envelope 302 could thus have an asso-
ciated upward buoyancy force. In such an embodiment,
air in the bladder 310 could be considered a ballast tank
that may have an associated downward ballast force. In
another example embodiment, the amount of air in the
bladder 310 could be changed by pumping air (e.g., with
an air compressor) into and out of the bladder 310. By
adjusting the amount of air in the bladder 310, the ballast
force may be controlled. In some embodiments, the bal-
last force may be used, in part, to counteract the buoy-
ancy force and/or to provide altitude stability.
[0081] In other embodiments, the envelope 302 could
be substantially rigid and include an enclosed volume.
Air could be evacuated from envelope 302 while the en-
closed volume is substantially maintained. In other
words, at least a partial vacuum could be created and
maintained within the enclosed volume. Thus, the enve-
lope 302 and the enclosed volume could become lighter
than air and provide a buoyancy force. In yet other em-
bodiments, air or another material could be controllably
introduced into the partial vacuum of the enclosed vol-

ume in an effort to adjust the overall buoyancy force
and/or to provide altitude control.
[0082] In another embodiment, a portion of the enve-
lope 302 could be a first color (e.g., black) and/or a first
material from the rest of envelope 302, which may have
a second color (e.g., white) and/or a second material.
For instance, the first color and/or first material could be
configured to absorb a relatively larger amount of solar
energy than the second color and/or second material.
Thus, rotating the balloon such that the first material is
facing the sun may act to heat the envelope 302 as well
as the gas inside the envelope 302. In this way, the buoy-
ancy force of the envelope 302 may increase. By rotating
the balloon such that the second material is facing the
sun, the temperature of gas inside the envelope 302 may
decrease. Accordingly, the buoyancy force may de-
crease. In this manner, the buoyancy force of the balloon
could be adjusted by changing the temperature/volume
of gas inside the envelope 302 using solar energy. In
such embodiments, it is possible that a bladder 310 may
not be a necessary element of balloon 300. Thus, in var-
ious contemplated embodiments, altitude control of bal-
loon 300 could be achieved, at least in part, by adjusting
the rotation of the balloon with respect to the sun.
[0083] Further, a balloon 306 may include a navigation
system (not shown). The navigation system may imple-
ment station-keeping functions to maintain position with-
in and/or move to a position in accordance with a desired
topology. In particular, the navigation system may use
altitudinal wind data to determine altitudinal adjustments
that result in the wind carrying the balloon in a desired
direction and/or to a desired location. The altitude-control
system may then make adjustments to the density of the
balloon chamber in order to effectuate the determined
altitudinal adjustments and cause the balloon to move
laterally to the desired direction and/or to the desired lo-
cation. Alternatively, the altitudinal adjustments may be
computed by a ground-based or satellite-based control
system and communicated to the high-altitude balloon.
In other embodiments, specific balloons in a heteroge-
neous balloon network may be configured to compute
altitudinal adjustments for other balloons and transmit
the adjustment commands to those other balloons.
[0084] As shown, the balloon 300 also includes a cut-
down system 308. The cut-down system 308 may be
activated to separate the payload 306 from the rest of
balloon 300. The cut-down system 308 could include at
least a connector, such as a balloon cord, connecting the
payload 306 to the envelope 302 and a means for sev-
ering the connector (e.g., a shearing mechanism or an
explosive bolt). In an example embodiment, the balloon
cord, which may be nylon, is wrapped with a nichrome
wire. A current could be passed through the nichrome
wire to heat it and melt the cord, cutting the payload 306
away from the envelope 302.
[0085] The cut-down functionality may be utilized an-
ytime the payload needs to be accessed on the ground,
such as when it is time to remove balloon 300 from a

15 16 



EP 2 850 745 B1

10

5

10

15

20

25

30

35

40

45

50

55

balloon network, when maintenance is due on systems
within payload 306, and/or when power supply 326 needs
to be recharged or replaced.
[0086] In an alternative arrangement, a balloon may
not include a cut-down system. In such an arrangement,
the navigation system may be operable to navigate the
balloon to a landing location, in the event the balloon
needs to be removed from the network and/or accessed
on the ground. Further, it is possible that a balloon may
be self-sustaining, such that it does not need to be ac-
cessed on the ground. In yet other embodiments, in-flight
balloons may be serviced by specific service balloons or
another type of service aerostat or service aircraft.

2e) Example Heterogeneous Network

[0087] In some embodiments, a high-altitude-balloon
network may include super-node balloons, which com-
municate with one another via optical links, as well as
sub-node balloons, which communicate with super-node
balloons via RF links. Generally, the optical links between
super-node balloons may be configured to have more
bandwidth than the RF links between super-node and
sub-node balloons. As such, the super-node balloons
may function as the backbone of the balloon network,
while the sub-nodes may provide sub-networks providing
access to the balloon network and/or connecting the bal-
loon network to other networks.
[0088] Figure 4 is a simplified block diagram illustrating
a balloon network that includes super-nodes and sub-
nodes, according to an example embodiment. More spe-
cifically, Figure 4 illustrates a portion of a balloon network
400 that includes super-node balloons 410A to 410C
(which may also be referred to as "super-nodes") and
sub-node balloons 420 (which may also be referred to
as "sub-nodes").
[0089] Each super-node balloon 410A to 410C may
include a free-space optical communication system that
is operable for packet-data communication with other su-
per-node balloons. As such, super-nodes may commu-
nicate with one another over optical links. For example,
in the illustrated embodiment, super-node 410A and su-
per-node 401B may communicate with one another over
optical link 402, and super-node 410A and super-node
401C may communicate with one another over optical
link 404.
[0090] Each of the sub-node balloons 420 may include
a radio-frequency (RF) communication system that is op-
erable for packet-data communication over one or more
RF air interfaces. Accordingly, each super-node balloon
410A to 410C may include an RF communication system
that is operable to route packet data to one or more near-
by sub-node balloons 420. When a sub-node 420 re-
ceives packet data from a super-node 410, the sub-node
420 may use its RF communication system to route the
packet data to a ground-based station 430 via an RF air
interface.
[0091] As noted above, the super-nodes 410A to 410C

may be configured for both longer-range optical commu-
nication with other super-nodes and shorter-range RF
communications with nearby sub-nodes 420. For exam-
ple, super-nodes 410A to 410C may use using high-pow-
er or ultra-bright LEDs to transmit optical signals over
optical links 402, 404, which may extend for as much as
100 miles, or possibly more. Configured as such, the su-
per-nodes 410A to 410C may be capable of optical com-
munications at data rates of 10 to 50 GBit/sec or more.
[0092] A larger number of high-altitude balloons may
then be configured as sub-nodes, which may communi-
cate with ground-based Internet nodes at data rates on
the order of approximately 10 MBit/sec. For instance, in
the illustrated implementation, the sub-nodes 420 may
be configured to connect the super-nodes 410 to other
networks and/or directly to client devices.
[0093] Note that the data speeds and link distances
described in the above example and elsewhere herein
are provided for illustrative purposes and should not be
considered limiting; other data speeds and link distances
are possible.
[0094] In some embodiments, the super-nodes 410A
to 410C may function as a core network, while the sub-
nodes 420 function as one or more access networks to
the core network. In such an embodiment, some or all of
the sub-nodes 420 may also function as gateways to the
balloon network 400. Additionally or alternatively, some
or all of ground-based stations 430 may function as gate-
ways to the balloon network 400.
[0095] Within the context of the present disclosure, any
of the example systems described herein could be oper-
able to carry out determining a projected change in band-
width demand in a specified area during a specified future
time period, repositioning one or more balloons in a high-
altitude balloon network based on the projected change
in bandwidth demand, and providing, using the one or
more balloons, at least a portion of the bandwidth de-
manded in the specified area during the specified future
time period. Several specific example implementations
are described in further detail below.

3. Example Implementations

[0096] Several example implementations will now be
described herein. It will be understood that there are
many ways to implement the devices, systems, and
methods disclosed herein. Accordingly, the following ex-
amples are not intended to limit the scope of the present
disclosure.
[0097] Figure 5A illustrates a balloon network at a first
time. In a scenario 500, a land mass 502 could include
several cities 506, 508, and 510. A balloon network 504
could include a plurality of balloons arranged in a sub-
stantially hexagonal array with approximately equal
spacing between nearest neighbor balloons. Other ar-
rangements of balloons are possible. For instance, the
balloon network 504 could have a first arrangement of
balloons. The first arrangement of balloons could include
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local densities of balloons that could vary based on, for
instance, local population density and/or typical band-
width needs.
[0098] During the first time (scenario 500), a determi-
nation regarding a projected change in bandwidth de-
mand in a specified area during a specified future time
period could be made. For example, in some embodi-
ments, an advance bandwidth request 512 could be
made by a user, a representative of one or more users,
or another party. The advance bandwidth request 512
could include a projected change in bandwidth demand
in a specified area during a specified future time period.
In the example embodiment, the advance bandwidth re-
quest 512 could include a notification of a higher-than-
normal anticipated bandwidth need. The advance band-
width request 512 could originate from city 510, which
may represent the specified area. In other embodiments,
the advance bandwidth request 512 could originate from
a location partially or wholly outside the specified area.
[0099] In some embodiments, the advance bandwidth
request 512 could be received by at least one balloon in
the high-altitude balloon network (balloon 514). In other
embodiments, the advance bandwidth request 512 could
be received by another recipient, such as a computer
system or a server network.
[0100] The advance bandwidth request 512 could be
in response to a known anticipated need such as a future
concert, conference, sporting event, or any other reason.
An advance bandwidth request 512 could also be initiat-
ed in response to an increased need due to an emergen-
cy, such as a natural disaster, that may reduce the ca-
pability of fixed communications equipment.
[0101] Figure 5B illustrates a balloon network at a sec-
ond time. The second time could represent a point in time
later than the first time. A scenario 520 could include the
landmass 502 and the cities 506, 508, and 510. As com-
pared to Figure 5A, a balloon network 522 could be recon-
figured compared to the balloon network 504 so as to
provide the bandwidth demanded in the specified area
at the specified future time period. For instance, the bal-
loon network 522 could include a second arrangement
of balloons that includes a locally higher density of bal-
loons (a ’clump’) around the specified area 524 which
may have a higher-than-normal anticipated bandwidth
need. The ’clump’ of balloons may be operable to provide
the bandwidth demanded as well as other data through-
put, communication services, etc.
[0102] In order to increase the local density of balloons,
the balloon network may reposition balloons from else-
where in the balloon network to accommodate the
change. Further, the balloons in the balloon network may
be operable to provide at least a portion of the bandwidth
demanded during the specified future time period in the
specified area. The specified future time period could rep-
resent a specific point in time. Additionally or alternative-
ly, the specified future time period could include a con-
tinuous or discontinuous set of times. The specified future
time periods could be any time in the future. For example,

an advance bandwidth request could include a specified
future time period around a two-day music festival one
week in the future. Other future time periods could be
possible.

4. Example Methods

[0103] A method 600 is provided for determining a pro-
jected change in bandwidth demand in a specified area
during a specified future time period. The method 600
further includes repositioning one or more balloons in a
high-altitude balloon network based on the projected
change in bandwidth demand, and providing, using the
one or more balloons in the high-altitude balloon network,
at least a portion of the bandwidth demanded in the spec-
ified area during the specified future time period. The
method could be performed using any of the apparatus
shown and described in reference to Figures 1-4, how-
ever, other configurations could be used. Figure 6 illus-
trates the steps in an example method, however, it is
understood that in other embodiments, the steps may
appear in different order and steps could be added or
subtracted.
[0104] Step 602 includes determining a projected
change in bandwidth demand in a specified area during
a specified future time period. The projected change in
bandwidth demand could be received (e.g., in the form
of an advance bandwidth request) by one or more bal-
loons in the high-altitude balloon network. Alternatively,
the advance bandwidth request could be received by an-
other computer system and/or a server network. The pro-
jected change in bandwidth demand could also be cal-
culated, inferred, or otherwise determined by the bal-
loon(s) or by another computer system based on avail-
able information.
[0105] The projected change in bandwidth could rep-
resent a difference in the anticipated need for bandwidth
during the specified future time period within the specified
area compared to a previous bandwidth demand (e.g., a
bandwidth demand based on a historical record). The
specified future time period could represent a finite time
period in the future or a future instant of time. The spec-
ified area could be a city, a region, a concert venue, a
park, a metropolitan area, a building, or any other local-
ized area that may require the specified projected band-
width. The specified area could also alternatively or ad-
ditionally represent a shipping lane, an airplane route, a
road, or any other heavily-travelled route or area. Other
types of specified areas are possible.
[0106] In some embodiments, the projected change in
bandwidth could be determined based on an advance
bandwidth request. The advance bandwidth request
could be made by an individual user, a user delegate, a
group of users, a company, an event organizer, a network
planner, or any other entity that could anticipate a future
need for bandwidth at a specified location.
[0107] Advance bandwidth requests could be originat-
ed from entities that need not be users of the high-altitude
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balloon network. For example, a city government could
initiate an advance bandwidth request in advance of a
music concert that could be scheduled for an upcoming
evening at a stadium within the city limits. The advance
bandwidth request could imply an increased bandwidth
need in and around the stadium during the music concert
even if the city government itself is not a user of the bal-
loon network.
[0108] Determining the projected change in bandwidth
demand could also be performed in an implicit manner
based on available information. For example, a city gov-
ernment or other entity could publish an ’events calendar’
that could be publicly available (e.g., via print media, a
website, or social media). A controller of the balloon net-
work could determine the projected change in bandwidth
based on the publicly available information. For instance,
the controller of the balloon network may anticipate great-
er than average bandwidth needs based on an upcoming
public festival or air show and may anticipate lower than
average bandwidth needs on days without many large
events.
[0109] Some embodiments include determining the
projected change in bandwidth demand by using infer-
ence techniques. For example, if for the last 10 Friday
nights in a row there has been greater than average de-
mand for bandwidth near a stadium, the controller of the
balloon network may infer or project that the next Friday
night will also include a greater than average demand for
bandwidth near the stadium and so determine an in-
creased need for bandwidth near that place at that time.
[0110] Advance bandwidth requests could include
’standing requests’, which could be made by any individ-
ual or entity. The standing requests could include a pro-
jected change in bandwidth demand at a specified loca-
tion based on one or more contingencies. For example,
a media organization or an emergency services provider
could make a standing request for a projected bandwidth
at a future, unknown location of a natural disaster (e.g.,
fire, earthquake, flood, etc.). Upon a natural disaster oc-
curring at a location, the high-altitude balloon network
could act responsively so as to provide the bandwidth
demanded at the location of the natural disaster in an
effort to fulfill the standing request.
[0111] Determining a projected change in bandwidth
demand could be performed on an as-needed basis. Al-
ternatively or additionally, the determinations of project-
ed changes in bandwidth demand could be made peri-
odically or on an on-going basis in response to, for in-
stance, real-time bandwidth needs. Such determinations
also could be triggered automatically by various events.
For instance, if a natural disaster occurs at a particular
location, a service provider controlling the high-altitude
balloon network could automatically determine a project-
ed change in bandwidth demand for the particular loca-
tion. Further, the service provider could specify a priority
level (e.g., emergency priority-level access), which will
be described below in more detail.
[0112] Random, but similar, events could also trigger

a determination of a projected change in bandwidth de-
mand. For example, a disaster event such as a fire could
happen at any time at any location. Based on publicly
accessible information (e.g., from news sources, social
media, the Internet), an inference could be made about
a projected change in bandwidth demand due to the spe-
cific fire location and specific fire size. For instance, a
controller of the balloon network could monitor news re-
ports for the location of a disaster event (which may sug-
gest the number of individuals affected by the disaster
due to, for instance, local population density) and the
extent of the disaster (e.g., earthquake magnitude on the
Richter scale, number of fire stations responding to a fire,
etc.). Based on the information, an inference could be
made regarding a possible bandwidth demand near the
location of the disaster event. The controller may form
an inference based on various information. For instance,
the controller could have a historical record of bandwidth
needs regarding similar disasters affecting similar
number of individuals. Based on the historical record of
bandwidth needs, the controller could make inferences
regarding a projected change of bandwidth demand that
could correspond to historical bandwidth needs from sim-
ilar disaster events in the past.
[0113] Step 604 includes repositioning one or more
balloons in a high-altitude balloon network based the pro-
jected change in bandwidth demand. The one or more
balloons could be similar or identical to balloon 300 de-
scribed in reference to Figure 3. The high-altitude balloon
network could be similar or identical to the balloon net-
work described in reference to Figures 1, 2, and 4.
[0114] Repositioning the one or more balloons could
include controlling the balloons to move with respect to
other balloons in the balloon network and/or with respect
to a geographic position, such as the specified area,
based on the projected change in bandwidth demand. In
an example embodiment, the one or more balloons could
be operable to move in relation to one another and/or a
geographic position by changing altitude so as to move
toward a particular relative and/or absolute position. For
instance, wind direction could vary depending upon alti-
tude. Thus, by adjusting altitude, the one or more bal-
loons could be directed to move towards a particular rel-
ative and/or absolute position. Other means of reposi-
tioning the one or more balloons are possible.
[0115] Repositioning the balloons could be based on
the projected change in bandwidth demand in a specified
area during a specified future time period. For example,
if the specified future time period is months in advance,
no immediate action need be taken upon determining the
projected change in bandwidth demand. In such a case,
a repositioning command could be carried out at a later
time. The repositioning may also be dependent upon the
specified area. If the projected change in bandwidth de-
mand is higher than a predetermined threshold, reposi-
tioning could be performed so as to increase the local
density of balloons near the specified area. In other
words, the balloons could form a local ’clump’ over the
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specified area based on the projected change in band-
width demand. Conversely, if the projected change in
bandwidth demand is less than a predetermined thresh-
old, the repositioning could decrease the local density of
balloons near the specified area.
[0116] Repositioning the balloons could be performed
using commands to the balloons to move to specific lo-
cations and/or in specific directions. In an example em-
bodiment, balloons outside communication range of the
specified location could be directed to move toward the
specified location in an effort to provide resources in order
to provide the bandwidth demanded in the specified lo-
cation. In another embodiment, balloons could be as-
signed a virtual attraction or repulsion force to one an-
other based on the area over which they fly. For example,
as balloons pass substantially over the specified location,
a virtual attraction force could be increased so that higher
densities of balloons naturally form over the specified
location.
[0117] Alternatively, a controller of the high-altitude
balloon network could adjust a ’goodness’ function of the
airspace substantially over the specified location in a re-
inforcement-type learning setting. The ’goodness’ func-
tion could reflect the principle that, all things being equal,
it is better to be over certain geographic areas than oth-
ers. In other words, the controller could control the bal-
loon network by assigning different ’desirabilities’ to var-
ious geographic areas and/or regions of airspace. Bal-
loons in the balloon network may be ’rewarded’ for mov-
ing into a more ’desirable’ airspace.
[0118] Repositioning the balloons could occur once
(e.g., sending a single command to a balloon to move
near the specified location at the specified time period).
Alternatively, the repositioning could occur continuously
upon determining a projected change in bandwidth de-
mand, through the specified future time period, and for
some time after the specified future time period. For ex-
ample, upon determining a projected change in band-
width demand, balloon repositioning may need to com-
mence immediately (and continue at least until the be-
ginning of the specified future time period) so as to pre-
pare for the future bandwidth demand in the specified
area.
[0119] Further, in order to satisfy at least part of the
bandwidth demand of the specified area during the spec-
ified time period, balloons could be repositioned dynam-
ically based on, for instance, wind currents over the spec-
ified area. In such cases, new balloons may be reposi-
tioned to join a ’clump’ over the specified area during the
specified time period, while other balloons may leave the
’clump’ (e.g., because prevailing winds blew them out of
the area).
[0120] After the specified time period, balloons may be
repositioned in order to return to a previous balloon con-
figuration, density, or other coverage arrangement. Other
ways of repositioning balloons in a high-altitude balloon
network are possible within the context of the disclosure.
[0121] Step 606 could include providing, using the one

or more balloons in the high-altitude balloon network, at
least a portion of the bandwidth demanded in the spec-
ified area during the specified future time period. Provid-
ing the demanded bandwidth could represent providing
a specific amount of data throughput, communication
services, Internet access, download capability, or bit rate,
among other examples.
[0122] In some embodiments, the determination of a
projected change in bandwidth demand could specify a
target user and/or a priority level. Accordingly, the meth-
od could provide at least a portion of the bandwidth de-
manded in the specified area during the specified future
time period to a specified target user and/or based on
the priority level.
[0123] A target user could be a specific individual or a
group of individuals. A target user could also represent
users in a specific area or within a specific building. Other
types of target users are possible.
[0124] The priority level could represent, for instance,
an emergency or non-emergency priority. In other words,
in an emergency situation, a determination could be
made relating to a projected change in bandwidth de-
mand with an ’emergency’ priority level. Accordingly, bal-
loons near the specified area where the bandwidth is
needed could provide services preferentially (or only) to
those with specific ’emergency’ priority-level access.
’Emergency’ priority-level access could be provided to
first-responders, fire-fighters, police, dispatchers, other
emergency personnel, news organizations, witnesses,
or survivors, etc.
[0125] Additionally or alternatively, the priority level
could be associated with various pricing levels (e.g., pay
a higher rate for priority access to Internet bandwidth,
etc.). For example, a basic level of communication serv-
ices (e.g., limited download speeds, capped bandwidth,
etc.) could be provided by the high-altitude balloon net-
work for a basic fee. For an increased rate, a one-time
payment, or another form of compensation, a higher level
of services could be provided. The higher level of services
could represent access to, or privileges for, higher data
rates, removal of data cap amounts, etc. Other types of
priority levels are possible.
[0126] Example methods, such as method 600 of Fig-
ure 6, may be carried out in whole or in part by one or
more balloons and their respective subsystems. Accord-
ingly, example methods could be described by way of
example herein as being implemented by the balloon.
However, it should be understood that an example meth-
od may be implemented in whole or in part by other com-
puting devices. For example, an example method may
be implemented in whole or in part by a server system,
which receives data from the balloon or from elsewhere.
Other examples of computing devices or combinations
of computing devices that can implement an example
method are possible.
[0127] Those skilled in the art will understand that there
are other similar methods that could describe determin-
ing a projected change in bandwidth demand in a spec-
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ified area during a specified future time period, reposi-
tioning one or more balloons in a high-altitude balloon
network based on the projected change in bandwidth de-
mand, and providing at least a portion of the bandwidth
demanded in the specified area during the specified fu-
ture period of time. Those similar methods are implicitly
contemplated herein.
[0128] In some embodiments, the disclosed methods
may be implemented as computer program instructions
encoded on a non-transitory computer-readable storage
media in a machine-readable format, or on other non-
transitory media or articles of manufacture.
[0129] Figure 7 is a schematic illustrating a conceptual
partial view of an example computer program product
that includes a computer program for executing a com-
puter process on a computing device, arranged accord-
ing to at least some embodiments presented herein.
[0130] In one embodiment, the example computer pro-
gram product 700 is provided using a signal bearing me-
dium 702. The signal bearing medium 702 may include
one or more programming instructions 704 that, when
executed by one or more processors may provide func-
tionality or portions of the functionality described above
with respect to Figures 1-6. In some examples, the signal
bearing medium 702 may encompass a computer-read-
able medium 706, such as, but not limited to, a hard disk
drive, a Compact Disc (CD), a Digital Video Disk (DVD),
a digital tape, memory, etc. In some implementations,
the signal bearing medium 702 may encompass a com-
puter recordable medium 708, such as, but not limited
to, memory, read/write (R/W) CDs, R/W DVDs, etc. In
some implementations, the signal bearing medium 702
may encompass a communications medium 710, such
as, but not limited to, a digital and/or an analog commu-
nication medium (e.g., a fiber optic cable, a waveguide,
a wired communications link, a wireless communication
link, etc.). Thus, for example, the signal bearing medium
702 may be conveyed by a wireless form of the commu-
nications medium 710.
[0131] The one or more programming instructions 704
may be, for example, computer executable and/or logic
implemented instructions. In some examples, a comput-
ing device such as the computer system 312 of Figure 3
may be configured to provide various operations, func-
tions, or actions in response to the programming instruc-
tions 704 conveyed to the computer system 312 by one
or more of the computer readable medium 706, the com-
puter recordable medium 708, and/or the communica-
tions medium 710.
[0132] The non-transitory computer readable medium
could also be distributed among multiple data storage
elements, which could be remotely located from each
other. The computing device that executes some or all
of the stored instructions could be a device, such as the
balloon 300 shown and described in reference to Figure
3. Alternatively, the computing device that executes
some or all of the stored instructions could be another
computing device, such as a server.

[0133] The above detailed description describes vari-
ous features and functions of the disclosed systems, de-
vices, and methods with reference to the accompanying
figures. While various aspects and embodiments have
been disclosed herein, other aspects and embodiments
will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for pur-
poses of illustration and are not intended to be limiting,
with the true scope being indicated by the following
claims.

Claims

1. A method, comprising:

determining a projected change in bandwidth
demand in a specified area during a specified
future time period;
repositioning one or more balloons in a high-
altitude balloon network based on the projected
change in bandwidth demand, wherein reposi-
tioning the one or more balloons comprises
causing the one or more balloons to move into
airspace over the specified area before the
specified future time period; and
providing, using the one or more balloons in the
high-altitude balloon network, at least a portion
of the bandwidth demanded in the specified area
during the specified future time period.

2. The method of claim 1, wherein determining the pro-
jected change in bandwidth demand comprises re-
ceiving an advance bandwidth request.

3. The method of claim 1, wherein determining the pro-
jected change in bandwidth demand comprises de-
termining the projected change in bandwidth de-
mand based on at least one of: a natural disaster,
an event, and a historical record of bandwidth de-
mand.

4. The method of claim 1, wherein determining the pro-
jected change in bandwidth demand comprises in-
ferring a bandwidth demand based on available in-
formation.

5. The method of claim 1, wherein the projected change
in bandwidth demand comprises at least one spec-
ified target user, wherein providing the at least a por-
tion of the bandwidth demanded in the specified area
during the specified future time period further com-
prises providing the at least a portion of the band-
width demanded in the specified area during the
specified future time period to the at least one spec-
ified target user.

6. The method of claim 1, wherein the projected change
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in bandwidth demand comprises a specified priority
level, wherein providing the at least a portion of the
bandwidth demanded in the specified area during
the specified future time period further comprises
providing the at least a portion of the bandwidth de-
manded in the specified area during the specified
future time period based on the specified priority lev-
el.

7. The method of claim 1, wherein repositioning the one
or more balloons in the high-altitude balloon network
comprises controlling a target balloon network den-
sity in the high altitude balloon network substantially
over the specified area based on the projected
change in bandwidth demand and the specified fu-
ture time period.

8. The method of claim 1, wherein repositioning the one
or more balloons in the high-altitude balloon network
comprises causing a plurality of balloons in the high-
altitude balloon network to clump together substan-
tially over the specified area based on the projected
change in bandwidth demand and the specified fu-
ture time period.

9. A system, comprising:

at least one balloon, wherein the at least one
balloon is in a high-altitude balloon network;
a controller, wherein the controller is configured
to:

i) determine a projected change in band-
width demand in a specified area during a
specified future time period; and
ii) control a respective position of the at least
one balloon based on the projected change
in bandwidth demand, comprising control-
ling the at least one balloon to move into
airspace over the specified area before the
specified future time period;

wherein the at least one balloon is configured to
provide at least a portion of the bandwidth de-
manded in the specified area during the speci-
fied future time period.

10. The system of claim 9, wherein the controller is con-
figured to perform the method as claimed in any one
of claims 2 to 8.

11. A non-transitory computer readable medium having
stored therein instructions executable by a computer
system to cause the computer system to perform
functions, the functions comprising:

determining a projected change in bandwidth
demand in a specified area during a specified

future time period;
causing a controller to reposition one or more
balloons in a high-altitude balloon network
based on the projected change in bandwidth de-
mand, wherein repositioning the one or more
balloons comprises causing the one or more bal-
loons to move into airspace over the specified
area before the specified future time period; and
causing the one or more balloons in the high-
altitude balloon network to provide at least a por-
tion of the bandwidth demanded in the specified
area during the specified future time period.

12. The non-transitory computer readable medium of
claim 11, wherein the stored instructions executable
by the computer system to perform the method as
claimed in any one of claims 2 to 8.

13. A computer program executable by a computer sys-
tem to perform a method as claimed in any one of
claims 1 to 8.

Patentansprüche

1. Verfahren, umfassend:

Bestimmen einer projektierten Änderung in der
Bandbreitenanforderung in einem spezifizierten
Bereich während eines spezifizierten zukünfti-
gen Zeitraums;
Repositionieren eines oder mehrerer Ballons in
einem Stratosphärenballonnetzwerk basierend
auf der projektierten Änderung in der Bandbrei-
tenanforderung, wobei das Repositionieren des
einen oder der mehreren Ballons das Bewirken,
dass sich der eine oder die mehreren Ballons
vor dem spezifizierten zukünftigen Zeitraum in
einen Luftraum über dem spezifizierten Bereich
hineinbewegen, umfasst; und
Bereitstellen, unter Verwendung von dem einen
oder den mehreren Ballons in dem Stratosphä-
renballonnetzwerk, von mindestens einem Teil
der Bandbreite, die in dem spezifizierten Be-
reich während des spezifizierten zukünftigen
Zeitraums gefordert wird.

2. Verfahren nach Anspruch 1, wobei das Bestimmen
der projektierten Änderung in der Bandbreitenanfor-
derung das Empfangen einer Bandbreitenanforde-
rung im Voraus umfasst.

3. Verfahren nach Anspruch 1, wobei das Bestimmen
der projektierten Änderung in der Bandbreitenanfor-
derung das Bestimmen der projektierten Änderung
in der Bandbreitenanforderung basierend auf min-
destens einem von: einer Naturkatastrophe, einem
Ereignis und einer historischen Aufzeichnung der
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Bandbreitenanforderung basiert.

4. Verfahren nach Anspruch 1, wobei das Bestimmen
der projektierten Änderung in der Bandbreitenanfor-
derung das Folgern einer Bandbreitenanforderung
basierend auf verfügbaren Informationen umfasst.

5. Verfahren nach Anspruch 1, wobei die projektierte
Änderung in der Bandbreitenanforderung mindes-
tens einen spezifizierten Zielbenutzer umfasst, wo-
bei das Bereitstellen von mindestens einem Teil der
Bandbreite, die in dem spezifizierten Bereich wäh-
rend des spezifizierten zukünftigen Zeitraums gefor-
dert wird, ferner das Bereitstellen des mindestens
einen Teils der Bandbreite, die in dem spezifizierten
Bereich während des spezifizierten zukünftigen Zeit-
raums gefordert wird, an den mindestens einen spe-
zifizierten Zielbenutzer umfasst.

6. Verfahren nach Anspruch 1, wobei die projektierte
Änderung in der Bandbreitenanforderung eine spe-
zifizierte Prioritätsstufe umfasst, wobei das Bereit-
stellen des mindestens einen Teils der Bandbreite,
die in dem spezifizierten Bereich während des spe-
zifizierten zukünftigen Zeitraums gefordert wird, fer-
ner das Bereitstellen des mindestens einen Teils der
Bandbreite, die in dem spezifizierten Bereich wäh-
rend des spezifizierten zukünftigen Zeitraums gefor-
dert wird, basierend auf der spezifizierten Prioritäts-
stufe umfasst.

7. Verfahren nach Anspruch 1, wobei das Repositio-
nieren des einen oder der mehreren Ballons in dem
Stratosphärenballonnetzwerk das Steuern einer
Zielballonnetzwerkdichte in dem Stratosphärenbal-
lonnetzwerk im Wesentlichen über dem spezifizier-
ten Bereich basierend auf der projektierten Ände-
rung in der Bandbreitenanforderung und dem spe-
zifizierten zukünftigen Zeitraum umfasst.

8. Verfahren nach Anspruch 1, wobei das Repositio-
nieren des einen oder der mehreren Ballons in dem
Stratosphärenballonnetzwerk das Bewirken, dass
sich mehrere Ballons im Stratosphärenballonnetz-
werk im Wesentlichen über dem spezifizierten Be-
reich basierend auf der projektierten Änderung in der
Bandbreitenanforderung und dem spezifizierten zu-
künftigen Zeitraum ballen, umfasst.

9. System, umfassend:

mindestens einen Ballon, wobei sich der min-
destens eine Ballon in einem Stratosphärenbal-
lonnetzwerk befindet;
eine Steuerung, wobei die Steuerung konfigu-
riert ist zum:

i) Bestimmen einer projektierten Änderung

in der Bandbreitenanforderung in einem
spezifizierten Bereich während eines spe-
zifizierten zukünftigen Zeitraums; und
ii) Steuern einer entsprechenden Position
von dem mindestens einen Ballon basie-
rend auf der projektierten Änderung in der
Bandbreitenanforderung, umfassend das
Steuern von dem mindestens einen Ballon,
sodass er sich vor dem spezifizierten zu-
künftigen Zeitraum in den Luftraum über
dem spezifizierten Bereich hineinbewegt;

wobei der mindestens eine Ballon konfiguriert
ist, mindestens einen Teil der Bandbreite bereit-
zustellen, die in dem spezifizierten Bereich wäh-
rend des spezifizierten zukünftigen Zeitraums
gefordert wird.

10. System nach Anspruch 9, wobei die Steuerung kon-
figuriert ist, das Verfahren nach einem der Ansprü-
che 2 bis 8 auszuführen.

11. Nicht flüchtiges computerlesbares Medium mit darin
gespeicherten Befehlen, die durch ein Computer-
system ausführbar sind, um das Computersystem
zu veranlassen, Funktionen auszuführen, wobei die
Funktionen umfassen:

Bestimmen einer projektierten Änderung in der
Bandbreitenanforderung in einem spezifizierten
Bereich während eines spezifizierten zukünfti-
gen Zeitraums;
Veranlassen einer Steuerung, einen oder meh-
rere Ballons in einem Stratosphärenballonnetz-
werk basierend auf der projektierten Änderung
in der Bandbreitenanforderung zu repositionie-
ren, wobei das Repositionieren des einen oder
der mehreren Ballons das Bewirken, dass der
eine oder die mehreren Ballons sich vor dem
spezifizierten zukünftigen Zeitraum in den Luft-
raum über dem spezifizierten Bereich hineinbe-
wegen, umfasst; und
Bewirken, dass der eine oder die mehreren Bal-
lons in dem Stratosphärenballonnetzwerk min-
destens einen Teil der Bandbreite, die in dem
spezifizierten Bereich während des spezifizier-
ten zukünftigen Zeitraums gefordert wird, bereit-
stellen.

12. Nicht flüchtiges computerlesbares Medium nach An-
spruch 11, wobei die gespeicherten Befehle durch
das Computersystem ausführbar sind, um das Ver-
fahren nach einem der Ansprüche 2 bis 8 auszufüh-
ren.

13. Computerprogramm, das durch ein Computersys-
tem ausführbar ist, um ein Verfahren nach einem der
Ansprüche 1 bis 8 auszuführen.
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Revendications

1. Procédé, comprenant :

la détermination d’une variation projetée de la
demande de bande passante dans une zone
spécifiée au cours d’une période future
spécifiée ;
le repositionnement d’un ou de plusieurs ballons
dans un réseau de ballons en haute altitude sur
la base de la variation projetée de la demande
de bande passante, le repositionnement du ou
des ballons consistant à faire en sorte que le ou
les ballons se déplacent dans l’espace aérien
au-dessus de la zone spécifiée avant la période
future spécifiée ; et
la fourniture, en utilisant le ou les ballons du ré-
seau de ballons en haute altitude, d’au moins
une partie de la bande passante demandée
dans la zone spécifiée au cours de la période
future spécifiée.

2. Procédé selon la revendication 1, dans lequel la dé-
termination de la variation projetée de la demande
de bande passante comprend la réception d’une de-
mande préalable de bande passante.

3. Procédé selon la revendication 1, dans lequel la dé-
termination de la variation projetée de la demande
de bande passante comprend la détermination de la
variation projetée de la demande de bande passante
sur la base d’au moins une des conditions
suivantes : une catastrophe naturelle, un événement
et un enregistrement historique d’une demande de
bande passante.

4. Procédé selon la revendication 1, dans lequel la dé-
termination de la variation projetée de la demande
de bande passante comprend l’inférence d’une de-
mande de bande passante sur la base des informa-
tions disponibles.

5. Procédé selon la revendication 1, dans lequel la va-
riation projetée de la demande de bande passante
comprend au moins un utilisateur cible spécifié, dans
lequel la fourniture de l’au moins une partie de la
bande passante demandée dans la zone spécifiée
pendant la période future spécifiée comprend en
outre la fourniture de l’au moins une partie de la ban-
de passante demandée dans la zone spécifiée au
cours de la période future spécifiée à l’au moins un
utilisateur cible spécifié.

6. Procédé selon la revendication 1, dans lequel la va-
riation projetée de la demande de bande passante
comprend un niveau de priorité spécifié, dans lequel
la fourniture de l’au moins une partie de la bande
passante demandée dans la zone spécifiée au cours

de la période future spécifiée comprend en outre la
fourniture de l’au moins une partie de la bande pas-
sante demandée dans la zone spécifiée au cours de
la période future spécifiée, en fonction du niveau de
priorité spécifié.

7. Procédé selon la revendication 1, dans lequel le re-
positionnement du ou des ballons dans le réseau de
ballons en haute altitude comprend le contrôle de la
densité du réseau de ballons cibles dans le réseau
de ballons en haute altitude sensiblement sur la zone
spécifiée sur la base de la variation prévue de la
demande de bande passante et de la période future
spécifiée.

8. Procédé selon la revendication 1, dans lequel le re-
positionnement du ou des ballons dans le réseau de
ballons en haute altitude consiste à amener une plu-
ralité de ballons dans le réseau de ballons en haute
altitude à s’agglutiner sensiblement sur la zone spé-
cifiée sur la base de la variation projetée de la de-
mande de bande passante et la période future spé-
cifiée.

9. Système comprenant :

au moins un ballon, le ou les ballons faisant par-
tie d’un réseau de ballons en haute altitude ;
un système de contrôle, dans lequel le système
de contrôle est configuré pour :

i) déterminer une variation prévue de la de-
mande de bande passante dans une zone
spécifiée au cours d’une période future
spécifiée ; et
ii) contrôler une position respective de l’au
moins un ballon en fonction de la variation
projetée de la demande de bande passante,
comprenant le contrôle d’au moins un bal-
lon pour qu’il se déplace dans l’espace aé-
rien au-dessus de la zone spécifiée avant
la période future spécifiée ;

dans lequel l’au moins un ballon est configuré
pour fournir au moins une partie de la bande
passante demandée dans la zone spécifiée
pendant la période future spécifiée.

10. Système selon la revendication 9, dans lequel le sys-
tème de contrôle est configuré pour exécuter le pro-
cédé selon l’une quelconque des revendications 2 à
8.

11. Support non transitoire lisible par ordinateur ayant
stocké sur celui-ci des instructions pouvant être exé-
cutées par un système informatique pour amener le
système informatique à exécuter des fonctions, les
fonctions comprenant :
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la détermination d’une variation projetée de la
demande de bande passante dans une zone
spécifiée au cours d’une période future
spécifiée ;
le fait d’amener un système de contrôle à repo-
sitionner un ou plusieurs ballons dans un réseau
de ballons en haute altitude sur la base de la
variation projetée de la demande de bande pas-
sante, le repositionnement du ou des ballons
consistant à faire en sorte que le ou les ballons
se déplacent dans l’espace aérien au-dessus
de la zone spécifiée avant la période future
spécifiée ; et
le fait d’amener le ou les ballons du réseau de
ballons en haute altitude à fournir au moins une
partie de la bande passante demandée dans la
zone spécifiée au cours de la période future spé-
cifiée.

12. Support lisible par ordinateur non transitoire selon
la revendication 11, dans lequel sont stockées les
instructions pouvant être exécutées par le système
informatique dans le but d’exécuter le procédé selon
l’une quelconque des revendications 2 à 8.

13. Programme informatique pouvant être exécuté par
un système informatique, dans le but d’exécuter un
procédé selon l’une quelconque des revendications
1 à 8.
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